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O (54) Title: METHOD OF PRODUCING A HYDRAULIC BINDER FOAM 

^ (57) Abstract: A method of producing a hydraulic binder foam for the subsequent manufacture of a finished product, such as a 
foamed building board, is disclosed. An aqueous foam is prepared from water and a foaming agent comprising a hydrophilic polymer 

O wmcn is soluble, miscible or dispersible in water, preferably polyvinyl alcohol. The aqueous foam is mixed with a hydraulic binder 
in finely divided dry particle form, to produce the hydraulic binder foam. The hydraulic binder foam may then be formed into a 

^ desired shape and the hydraulic binder allowed to set to form the Crushed product. 
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METHOD OF PRODUCING A -HYDRAULIC BINDER FOAM 


BACKGROUND OF THE INVENTION 

This invention relates to a method of producing a hydraulic binder foam, and to 
a method of making a finished product from the hydraulic binder foam. 

It is well known to produce a hydraulic binder foam by introducing an aqueous 
foam into a paste or a slurry of the hydraulic binder in water. The foam may be 
produced in a foam generator by passing a stream of water containing a 
foaming agent such as a surfactant, a protein or a hydrophilic polymer, through 
a venturi, in which air is injected into the passing stream, to generate a stable 
foam. 

For example, PCT/GB 98/03556 to Windsor Technologies Limited teaches a 
method of making a composite product by mixing (i) a hydraulic binder; (ii) 
finely divided lignocellulosic fibres; and (iii) water optionally containing a 
polyvinyl alcohol, the water being present in an amount sufficient to form a 
paste; introducing a foam generated from a polyvinyl alcohol into the paste and 
mixing to form a foamed product; forming the foamed product into a desired 
shape; and allowing the hydraulic binder to set to form the composite product. 

The composite product may be, for example, a building board or the like. 

Another example of the manufacture of a product from a hydraulic binder foam 
is disclosed in United States Patent No. 4,518,652 to United States Gypsum 
Company. 
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A further example is disclosed in United States Patent No. 6,046.255 to 
Gray et al. A foam of very small microscopic bubbles of surfactant, each 
bubble containing a small quantity of water is mixed with a water/cement 
mixture having a water to cement ratio of less than 0.33. The small bubbles 
have a ball-bearing effect on the smaller cement and sand particles, increasing 
plasticity or flowability thus reducing the water requirements of the mixture. 
The foamed cement mixture is laid to form a desired concrete structure, and 
the bubbles disintegrate or transform to leave voids of similar size, uniformly 
dispersed throughout the concrete structure. 

There is, however, always a need for another method of producing a hydraulic 
binder foam. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a method of 
producing a hydraulic binder foam for the subsequent manufacture of a 
finished product, including the steps of: 

(a) preparing an aqueous foam from water and a foaming agent 
comprising a hydrophilic polymer which is soluble, miscibie or 
dispersible in water: and 

(b) mixing the aqueous foam of step (a) with a hydraulic binder in 
finely divided dry particle form, to produce the hydraulic binder 
foam. 

The foaming agent preferably comprises polyvinyl alcohol, or a combination of 
polyvinyl alcohol and a protein such as gelatin. 
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In step (b) the aqueous foam may be added to the hydraulic binder either 
batchwise or continuously, preferably irv a paddle-type mixer or the hydraulic 
binder may be added to the aqueous foam either batchwise or continuously. 

In step (b) the aqueous foam may also be mixed with a filler in finely divided 
dry particle or fibre form, the filler being selected from the group consisting of: 

(i) dry inorganic particles or fibres: 

(ii) dry natural organic particles or fibres: and 

(iii) dry synthetic organic particles or fibres. 

In this case, the filler may be mixed with the hydraulic binder before being 
mixed with the aqueous foam, or the filler and the hydraulic binder may 
simultaneously be mixed with the aqueous foam, or the filler may be mixed 
with the foam before or after the hydraulic binder has been mixed with the 
foam. 

According to a second aspect of the invention, there is provided a method of 
making a finished product from a hydraulic binder foam produced as described 
above, including the steps of: 

(c) forming the hydraulic binder foam into a desired shape; and 

(d) allowing the hydraulic binder to set to form the finished product. 

DESCRIPTION OF EMBODIMENTS 

The crux of the invention is that a hydraulic binder foam is prepared by mixing 
a pre-generated aqueous foam comprising water and a foaming agent, with dry 
components, viz, the hydraulic binder and optionally a filler. 

The first step is thus to prepare the aqueous foam. 
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The aqueous foam is prepared from water and a foaming agent comprising a 
hydrophilic polymer which is soluble, miscible or dispersible in water 

The hydrophilic polymer is used in an amount of from 1% to 10% inclusive by 
mass of the water. 

Examples of suitable hydrophilic polymers are modified starches, natural 
carbohydrates such as gums or seaweed coloids, semi-synthetic polymers 
such as the cellulose ethers, hydrogels such as homo- and co- polymer 
derivatives of acrylic and methacrylic acid, or the polyacrylamide polyacryiate 
co-polymers, and dispersions such as polyvinyl acetate and styrenated 
acrylics. 

The preferred hydrophilic polymer is polyvinyl alcohol which may be used in an 
amount of from 1% to 10% inclusive by mass of the water, or preferably in an 
amount of from 3% to 8% inclusive by mass of the water. The volume of the 
aqueous foam produced from a given quantity of water is strongly influenced 
by the viscosity of the polyvinyl alcohol used. 

The preferred polyvinyl alcohols are those having a viscosity of from 10 to 
75 mPa.s inclusive, determined at a 5% concentration in water at 20°C. These 
include the partially hydrolised grades with a degree of hydrolysis mol % in the 
range of 82% to 90%, preferably about 87%, with an ester value mg/KOH/g of 
140, and residual acetyl content weight percent of 10,7. Examples of suitable 
polyvinyl alcohols are the Mowiol grades by Clariant, particularly grade 8/88 
which has a viscosity of 12 mPa.s, grade 18/88 which is the most preferred 
polyvinyl alcohol and which has a viscosity of 55 mPa.s, and grade 23/88 
which has a viscosity of 75 mPa.s. 
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The choice of foaming agent to be used will depend on the nature of the 
hydraulic binder and its pH. as well as the relative hardness of the water to be 
used. 

In certain circumstances, it may be advisable to use a combination of the 
foaming agent, such as for example polyvinyl alcohol, with a protein compound 
such as gelatin. 

The aqueous foam may be prepared in any suitable manner, such as for 
example, using a foam generator which involves passing a stream of water 
containing the foaming agent through a venturi, in which air is injected into the 
passing stream, to generate a stable foam. Alternatively, the aqueous foam 
may be produced by mechanical entrainment of air into the water containing 
the foaming agent 

The second step of the method of the invention, viz, step (b) is to mix the 
aqueous foam of step (a) with a hydraulic binder in finely divided dry particle 
form. 

By "hydraulic binder' is meant an inorganic binder which in the presence of 
water hydrates and sets. The hydraulic binder may be selected from the group 
consisting of a hydraulic cement, a calcium sulphoaluminate cement, a high 
alumina cement, a gypsum cement, calcium sulphate hemihydrate in either the 
alpha or beta form, an alkali silicate, magnesium oxychloride, magnesium 
oxysulphate, a pozzoianic binder such as finely ground furnace slag or fly ash, 
silica fume, or a mixture of two or more thereof. 

The hydraulic binder must be used in finely divided dry particle form. This 
means that 98% or more of the hydraulic binder particles must pass through a 
200 mesh or finer (i.e. a 74 micron screen or finer). For example. Portland 
cement typically has a Blaine of 475, i.e. 475m 2 per kg. 
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Preferably, the aqueous foam and frie hydraulic binder are mixed in a 
proportion of from 20 parts oy weight of the aqueous foam to 100 parts by 
weight of hydraulic binder, up to and including 120 parts by weight of the 
aqueous foam to 100 parts by weight of the hydraulic binder. 

For example, when 25 parts by weight of an aqueous foam are mixed with 100 
parts by weight of Portland cement, there results a finished product with a 
density of about 900 kg/m 2 . When 45 parts by weight of an aqueous foam are 
mixed with 100 parts by weight of Portland cement there results a finished 
product with a density of about 600 kg/m 3 . When 75 parts by weight of an 
aqueous foam are mixed with 100 parts by weight of gypsum (calcium sulphate 
hemi-hydrate) there results a finished product with a density of about 
300 kg/m 3 . When 100 parts weight of an aqueous foam are mixed with 100 
parts by weight of gypsum, there results a finished product with a density of 
about 170 kg/m 3 . 

In addition to the hydraulic binder which must be in finely divided dry particle 
form, there may also be added to the aqueous foam a filler in finely divided dry 
particle or fibre form. 

The filler may comprise dry inorganic particles or fibres such as, for example, 
silica, diatomaceous earth, expanded perlite, exfoliated vermiculite. refractories 
such as alumina or grog, ceramic fibres, mineral fibres and glass fibres. 

The filler may also comprise dry natural organic particles or fibres such as 
paper fibres, e.g. common mixed paper waste, paper mill sludge, pulp, 
cellulose and the like, or agricultural fibres such as fibres from extracted wattle 
bark, palm fibre, kenaf. and natural organic particles such as ground cork, 
bark, sawdust and ground seed. 
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The filler may also comprise dry synthetic organic particles or fibres such as 
organic particles formed from milled thermoplastic foams ; e.g. PVC ? 
polystyrene or expanded polystyrene foams, milled thermosetting foams, e.g. 
phenol formaldehyde resole, or polyurethane rigid or flexible foams, and 
organic fibres such as carbon, aramid, polyacryionitri!e ; polyvinyl alcohol, 
polyethylene, polypropylene, polyester and acrylics. 

When the filler comprises synthetic fibres, the fibres preferably have a diameter 
of about 20 to 40 microns inclusive and a length of from 4 to 6 mm inclusive. 
When the filler comprises natural fibres, the fibres preferably have a diameter 
of about 20 to 40 microns inclusive and a length of from 6 to 8 mm inclusive. 
When the filler comprises particles, the particles preferably have a maximum 
dimension of less than 0,5 mm, more preferably a size similar to the size of the 
hydraulic binder, viz, 98% passing through a 200 mesh. 

The purpose of adding one or more of the fillers is as foilows: 

(i) to contribute syntactic voids in the hydraulic binder foam as a 
function of the low bulk density of the filler. Examples of 
suitable fillers in this regard are exfoliated vermiculite, ground 
phenol formaldehyde resole resin foam, polystyrene re-grind t 
cork and flexible polyurethane re-grind. 

(ii) to propagate improved properties of the hydraulic binder foam. 
Examples of suitable fillers here are silica flour in Portland 
cement where the product is subsequently to be autoclaved. 
bubble alumina in a calcium aluminate cement to improve the 
refractory nature of the product, and expanded vermiculite in a 
high alumina cement to improve the refractory nature of the 
product. 
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(iii) when the filler is a fibre, then the fibres reinforce the product 
and may also propagateimproved sound attenuation or noise 
reduction coefficients of the final product. 

(iv) to enhance foam stability by air bubble entrapment, in which 
case a suitable filler is cellulose fibre, particularly paper mill 
sludge or common mixed paper waste. 

As indicated above, the aqueous foam and the hydraulic binder/filler may be 
mixed in various ways. The various possibilities are set out below. 

(1) The aqueous foam is added to the hydraulic binder optionally 
mixed with the filler, either batchwise or continuously. 

(2) The hydraulic binder is added to the aqueous foam either 
batchwise or continuously. 

(3) The hydraulic binder is mixed with the filler and the mixture is 
then added to the aqueous foam either batchwise or 
continuously. 

(4) The hydraulic binder and the filler are simultaneously added to 
the aqueous foam either batchwise or continuously. 

(5) The hydraulic binder is added to the aqueous foam, whereafter 
the filler is added to the aqueous foam (or vice versa) either 
batchwise or continuously. 

Preferably, the aqueous foam is added to the hydraulic binder in a paddle-type 
mixer. 
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It is surprising that the adding of a dry particulate material, i.e. the hydraulic 
binder optionally with the filler, to a pre^generated aqueous foam, produces a 
hydraulic binder foam with superior properties to that which can be produced 
by adding an aqueous foam to a slurry or a paste, i.e. a wetted product 
containing the hydraulic binder. 

In other words, it has been found that pre-generating an aqueous foam and 
then adding to this directly the dry product, or alternatively, adding the dry 
product to the pre-generated aqueous foam with mixing, produces an excellent 
hydraulic binder foam, with a dry density in the range of from 170kg/m 3 
upwards, with very small ceil sizes. The process is rapid with minimal 
equipment costs and is thus economically efficient, and dry to wet constituent 
ratios are consistently and easily controllable. It is a significant advantage that 
the water to hydraulic binder ratio may be reduced significantly as compared to 
wet-to-wet processes, more particularly at the lower finished product densities. 
The reason for this is that a paste does not have to be pre-formed and at 
pourable consistencies in order to minimise surface tension. 

It is particularly surprising that this method of mixing is effective in that one 
would expect the addition of a dry particle fo an aqueous foam, more 
particularly a particle not soluble in water, would result in immediate foam 
collapse or at least the coalescence of air cells resulting in a coarse, variable 
and unreliable hydraulic binder foam. As indicated above, this is not the case 
with the method of the invention. 

Various other components may be added into the hydraulic binder foam to 
provide the hydraulic binder foam with specific desired properties. These 
additives include: 
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(i) Additives that promote resistance to high relative humidity, 
minimising softening back or sagging, such as the anhydrous 
silicones based on hydrogen poiysiloxane. added in an amount 
of from 0.1% to 0.5% inclusive by mass of the hydraulic binder. 
Alternatively, an aqueous fluorochemical dispersion such as 
Zonyl 8740 or a fluorochemical solution in water such as 
Zonyl 9027, both by du Pont, may be mixed with the foamed 
binder, or more preferably post-applied as a surface or sub- 
surface water repellant at concentrations by mass of mixing 
water in the range 1% to 12%, more usually 2% to 6% inclusive. 

(ii) Reinforcing resins such as a dispersion of a natural or synthetic 
latex, polyvinyl acetate, a styrenated acrylic or the like. 

(iii) When the hydraulic binder is Portland cement, a solution of 
sodium silicate in order to propagate gelling. The solution may 
be added in an amount of from 1% to 7% by mass of the 
hydraulic binder. 

(iv) Where the hydraulic binder is a calcium aluminate cement, a 
gelation agent, for example lithium carbonate or a proportion of 
Portland cement. 

After steps (a) and (b) of the method of the invention, in step (c), the hydraulic 
binder foam may be formed into a desired shape, for example by conventional 
techniques such as casting or pouring or otherwise dispensing into a suitable 
mould or on to a moving belt or the like. 

In step (d) of the method of the invention, the hydraulic binder is allowed to set 
to form the final product. 
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Thereafter, the final product may be used directly or be cured and dried and 
thereafter machined into suitable sizes"and the like. 

An example of the invention will now be given. 

EXAMPLE 

An aqueous foam is generated from a 5% solution of partially hydrolised 
polyvinyl alcohol, e.g. Mowiol 4/88 by Ciariant. 

A dry mix is formed of a hydraulic binder, e.g. calcium sulphate [5-hemi-hydrate 
with acryionitrile fibres, e.g. Dolanit by Acordis Kelheim of Germany. These 
fibres are approximately 4mm in length and 6,7dtex. 

900gm of the calcium sulphate fi-hemi-hydrate mixed with 12gm of the 
acryionitrile fibres, are added to 800gm of the pre-generated aqueous foam 
and the whole is mixed with high shear and with a driven propeller mixter to 
produce a very fine creamed foam, which is pumpable. stable for lengthy 
periods, and which provides a consistent end product with an open cellular 
structure and very fine cell size, and a dry density of 300kg/m 3 . This mix yields 
the minimum obtainable water to calcium sulphate (5-hemi-hydrate ratio in the 
pourable stable wet foam mix for the final density required. 

Thereafter, the hydraulic binder foam is formed into a desired shape, for 
example, a board shape, and the hydraulic binder is then allowed to set to form 
the finished product. 
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CLA1MS 

1. A method of producing a hydraulic binder foam for the subsequent 
manufacture of a finished product including the steps of: 

(a) preparing an aqueous foam from water and a foaming agent 
comprising a hydrophilic polymer which is soluble, miscible or 
dispersible in water; and 

(b) mixing the aqueous foam of step (a) with a hydraulic binder in 
finely divided dry particle form, to produce the hydraulic binder 
foam. 

2. A method according to claim 1 wherein the foaming agent comprises 
polyvinyl alcohol. 

3. A method according to claim 2 wherein the polyvinyl alcohol has a 
viscosity of from 10 to 75 mPa.s inclusive at a 5% concentration in 
water at 20°C. 

4. A method according to claim 2 or claim 3 wherein the foaming agent 
comprises polyvinyl alcohol and a protein. 

5. A method according to any one of claims 2 to 4 wherein in step (a), the 
polyvinyl alcohol is used in an amount of from 1% to 10% inclusive by 
mass of the water. 

6. A method according to any one of claims 1 to 5 wherein the hydraulic 
binder is selected from the group consisting of a hydraulic cement, a 
calcium sulphoaluminate cement, a high alumina cement, a gypsum 
cement, calcium sulphate hemihydrate in either the alpha or beta form, 
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an alkali silicate, magnesium oxychloride, magnesium oxysuiphate. a 
pozzolanic binder, silica fume, and a mixture of two or more thereof. 

7. A method according to any one of claims 1 to 6 wherein in step (b) the 
aqueous foam is also mixed with a filler in finely divided dry particle or 
fibre form ? the filler being selected from the group consisting of (i) dry 
inorganic particles or fibres; (ii) dry natural or organic particles or fibres: 
(iii) dry synthetic organic particles or fibres; or a mixture of two or more 
thereof. 

8. A method according to any one of claims 1 to 7 wherein in step (b) the 
aqueous foam is added to the hydraulic binder either batchwise or 
continuously. 

9. A method according to claim 8 wherein in step (b) the aqueous foam is 
added to the hydraulic binder in a paddle-type mixer. 

10. A method according to any one of claims 1 to 7 wherein in step (b) the 
hydraulic binder is added to the aqueous foam either batchwise or 
continuously. 

11. A method of making a finished product from a hydraulic binder foam 
including the steps of: 

(a) preparing an aqueous foam from water and a foaming agent 
comprising a hydrophilic polymer which is soluble, miscible or 
dispersible in water; 

(b) mixing the aqueous foam of step (a) with a hydraulic binder in 
finely divided dry particle form, to produce the hydraulic binder 
foam; 

(c) forming the hydraulic binder foam into a desired shape; and 
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(d) allowing the hydraulic binder to set to form the finished product. 

12. A method according to claim 11 wherein the foaming agent comprises 
polyvinyl alcohol. 

13. A method according to claim 12 wherein the polyvinyl alcohol has a 
viscosity of from 10 to 75 mPa.s inclusive at a 5% concentration in 
water at 20°C. 

14. A method according to claim 12 or claim 13 wherein the foaming agent 
comprises polyvinyl alcohol and a protein. 

15. A method according to any one of claims 12 to 14 wherein the polyvinyl 
alcohol is used in an amount of from 1% to 10% inclusive by mass of 
the water. 

16. A method according to any one of claims 1 1 to 15 wherein the hydraulic 
binder is selected from the group consisting of a hydraulic cement, a 
calcium sulphoaluminate cemeni. a high alumina cement, a gypsum 
cement, calcium sulphate hemihydrate in either the alpha or beta form, 
an alkali silicate, magnesium oxychloride, magnesium oxysulphate, a 
pozzolanic binder, silica fume, and a mixture of two or more thereof. 

17. A method according to any one of claims 11 to 16 wherein in step (b) 
the aqueous foam is also mixed with a filler in finely divided dry particle 
or fibre form, the filler being selected from the group consisting of (i) dry 
inorganic particles or fibres; (ii) dry natural organic particles or fibres; 
(iii) dry synthetic organic particles or fibres; or a mixture of two or more 
thereof. 
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18. A method according to any one of claims 11 to 17 wherein in step (b) 
the aqueous foam is added to the hydraulic binder either batchwise or 
continuously. 

19. A method according to claim 18 wherein in step (b) the aqueous foam 
is added to the hydraulic binder in a paddie-type mixer. 

20. A method according to any one of claims 11 to 17 wherein in step (b) 
the hydraulic binder is added to the aqueous foam either batchwise or 
continuously. 
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